Aims: To describe two case reports with significant black carbon deposition in sputum macrophages in healthy young adults from an urban city, showing mild airway obstruction in lung function tests. The role of black carbon deposition by air pollution in the airways and the development of indolent chronic lung disease in populations living in larger cities is not clear and may be a potential world health problem. Cases description: We report two cases of voluntary adults living in a South American large city who have undergone clinical examination, lung function and analysis of inflammation and black carbon deposition in macrophages from induced sputum. Two Caucasian, previously healthy, nonsmokers, male adults, living in the same city of southern Brazil, with no respiratory symptoms presented with normal physical exams, but with lung function demonstrating mild obstructive lung disorder, with no bronchodilator response. In particular, one of the subjects works daily in delivery services as a motorcycle driver. Induced sputum of both patients showed no signs of cellular inflammation. However, a large number of black carbon content was detected inside macrophages of the sputum sample in both patients. Conclusions: In summary, significant daily air pollution exposure may play a role in long-term silent disease in adults, potentially leading to clinically relevant chronic lung diseases later in life, particularly in populations of urbanized large cities from developing countries. The development of better, more directly and less invasive, methods for air pollution exposure are required, along with longitudinal studies, in order to measure the real impact of air pollution in chronic lung diseases of susceptible populations.
INTRODUCTION
Air pollution has been associated with many human illnesses and has become a major problem in many urbanized cities worldwide. Respiratory system is probably the most vulnerable part of human organism to air pollution. Biomass fuels and motor vehicles are the major sources of air pollution to human health. [1] [2] In urbanized cities, air pollution has been associated with respiratory symptoms, asthma and chronic obstructive pulmonary disease (COPD). [3] [4] [5] Unfortunately, easy and non-invasive methods for analysis of individual exposure to pollutants have not been properly developed and standardized and the real individual impact of outdoor/indoor air pollution in lung diseases has not been accurately addressed and is still a research challenge.
In the present article, we present two case reports of healthy adults showing macrophages from induced sputum with large amounts of intracellular black carbon. Although asymptomatic, the subjects presented with abnormal lung function. The aim of this article is to help raising relevant questions of how air pollution may play a potential "silent" long-term role in the development of chronic lung diseases.
This article complies with the current rules of the Ethics Committee of our Institution (CEP/PUCRS), related to an approved research project (Protocol # 409.242).
CASES REPORT
We examined two adult Caucasian male healthy volunteers residing in a Southern capital of Brazil, both from a prospective study analyzing inflammation from induced sputum in adults. They were selected through disclosure at the Pontifical Catholic University of Rio Grande do Sul (PUCRS) and the Motoboy's syndicate (Sindimoto-RS).
Subjects were tested for lung function (spirometry, with KoKo, nSpire Health Inc., Longmont CO, USA) and induced sputum (20 minutes-protocol with 4.5% saline nebulizations). Differential cell counts (MayGrumwald Giemsa) and the content of carbon from macrophages of sputum were analyzed through optical microscopy. Digital color images from 50 airway macrophages were obtained from each subject using an Olympus digital camera (Q-Color3 tm Olympus ® America Inc., USA) and microscope (BX43 Olympus ® America Inc., USA). The average of surface area on macrophages was calculated through the software Image J (National Institute of Health, Bethesda, MD, USA), as previously described by Nwokoro et al. 6 Case #1: A male adult, aged 35 years, physical educator, non-smoker, who performs regular physical activity, previously healthy, asymptomatic for respiratory diseases over the last 4 weeks, was clinically evaluated. He had no history of hospitalization in recent years and no family history of asthma. Spirometry (presented as percentage of predictive values) has shown a mild airway obstruction with forced expiratory volume in one second (FEV 1 ) of 80%, with FEV 1 /forced vital capacity (FVC) of 73% and forced expiratory flow at 25 to 75% of the FVC (FEF 25-75% ) of 55%. In induced sputum, a pauci-granulocytic pattern was found (macrophages: 87%, neutrophils: 9%, lymphocytes: 4%).
Case #2: A male adult, aged 33 years, has been a motorcycle courier for eight years, working five days a week, five hours a day. He is a non-smoker, asymptomatic for chronic respiratory symptoms, and no family history of asthma. Spirometry has shown an FEV 1 of 97%, FEV 1 /FVC of 77% and FEF 25-75% of 77%. Induced sputum also showed a pauci-granulocytic pattern (macrophages: 55%, neutrophils: 43%, and lymphocytes: 2%).
In both patients, black carbon particles inside macrophages from sputum were detected in high amounts. The photomicrographs presented in Figure 1 illustrate these findings. 
DISCUSSION
In clinically healthy adults living in one urbanized city from a developing country in South America, we have detected large amounts of black carbon deposition in sputum macrophages. These findings may reflect the current potential health problems that people living in large cities worldwide are susceptible and that will very likely be a major public health problem in the next decades in these populations.
Deposition of carbon in macrophages from sputum of children and adults exposed to gases of fuel combustion has been reported in previous studies. [6] [7] [8] This method of carbon exposure in the lungs is a more direct and individualized method to express this type of exposure, when compared to measurements of particulate matter (PM 10 and PM 2.5 ) in the environment. Individual exposure to traffic-related air pollution is highly affected by some factors (type of urban transportation, residential/working proximity to major roads, or place of leisure activities), and hence may vary substantially between subjects. Personalized air pollution exposure measurements are a key factor for improving methods on further studies in this field.
Air pollution has been consistently associated with lung diseases, but the role of exposure to trafficrelated air pollution on the development of COPD is controversial.
1-2 A 10-year Swiss cohort of adults has shown that an improvement in air quality may decrease the decline of lung function. 9 A German study focused on women only has found that an increase of PM 10 was associated with a decrease of FEV 1 and forced vital capacity (FVC) and an increase of prevalence of COPD. 5 In healthy adults, inflammatory markers were acutely increased after a 1-hour exposure to diesel exhaust, under realistic conditions to simulate actual urban cycling conditions. Increased expression of P-selectin and vascular cell adhesion molecule-1 in bronchial mucosal biopsy specimens, as well as unexpected increased eosinophil counts in bronchoalveolar lavage fluid was reported. 10 Both young adults presented in this article had no chronic respiratory symptoms, no sign of cellular inflammation in sputum, but presented with mild obstructive airway abnormalities in lung function tests and high amounts of black carbon deposition in sputum macrophages. These findings raise real concerns regarding to the role of traffic-related air pollution in the "silent" development of chronic obstructive pulmonary diseases in people living in urbanized societies. It is important to stress that young adults working daily with motorcycling services are very common in some developing countries, which are subjects highly exposed to diesel exhaust for many years.
In conclusion, with our brief case reports, we suggest that individual clinical markers of the effect of air pollution (exposure to pollution/oxidative stress measurements in the airways) have to be more accurately developed and as well included in future studies in this field, in order to better understand the relationship between traffic-related air pollution and the development of chronic obstructive pulmonary disease in more susceptible subpopulations worldwide.
